The dynamic response study on thermo-magneto-elastic behavior of shallow conical shell in a time-dependent magnetic field is investigated, and the dynamic responses of displacement of shallow conical shell under mechanical loads, electromagnetic fields and temperature field coupling are analyzed. Based on Maxwell's equations, heat conduction equation and nonlinear equations of classical plates and shells, the nonlinear dynamic response governing equations are derived. The electromagnetic field and temperature field equations are solved using variable separating technique, the nonlinear elastic field equations are solved by Galerkin method. The variation of temperature, magnetic field intensity and displacement with time under the coupling effect of the applied magnetic field and the surface uniform load were obtained. The influence of frequency of the applied magnetic field on the displacement wave forms is discussed.
Introduction
Thermo-magneto-elasticity is a new subject to study the strength, stiffness and stability of elastic components under the combined action of electromagnetic, temperature and deformation. Magneto-elasticity is the theory of studying the coupling between electromagnetic and deformation, thermo-elasticity combines elasticity and heat conduction to study the coupling theory between temperature field and elastic field. The thermo-magneto-elasticity includes heat conduction theory, classical elasticity theory and electromagnetic theory. These theories are applied to solve the coupling problems of temperature field, electromagnetic DOI: 10.4236/eng.2018. 1012058 838 Engineering field and elastic field of conductive elastic elements located in magnetic field and considering thermal effect.
With the wide application of electromagnetic structure in the high-tech field, many components work in the environment of temperature change in engineering, the research on the thermos-elastic phenomenon of electromagnetic coupling has a strong engineering background and theoretical value [1] [2] . The elastic elements and structures in high energy-varying magnetic field under mechanical loads can produce various stresses. In addition to mechanical stress, there are the thermal stress generated by the induced eddy current losses, and the magnetic stress generated by the Lorentz force. These stresses affect each other, and to be high nonlinear. Previous studies on the thermo-magneto-elastic problem of plate and shell were mainly based on the simplified theory and the linear theories. However, in actual situation, most plate and shell structure are in the temperature-varying high-energy electromagnetic fields, which is a highlycoupled nonlinearity.
The key to the thermo-magneto-elastic analysis is the solution of the ther- It is very difficult to study the nonlinear dynamic response of a shallow conical shell in an alternating magnetic field and subjected to mechanical loads. The study on the nonlinear dynamic response of the shell is very rare. In this paper, 
Basic Equations
Considering shallow conical shell with thickness h, radium a and pyramid dip ϕ , whose neuter plane is showed in Figure 1 Assume that shallow conical shell in alternating magnetic field works under axisymmetric state, whose outer surface is subjected to normal stable mechanical load. The orthogonal curvilinear coordinate ( ) , , r z θ is established in Figure 1, 
Electro Dynamics Equations
In the absence of lateral current and the influence of displacement current and volume charge density is not considered, according to Maxwell equation and generalized Ohm's law, the electrodynamics equations are:
where E is electric field intensity, B is magnetic induction intensity, H is magnetic field intensity, J is current density, V is velocity, σ is admittance, μ is permeability, rot is rotation.
Ignoring the mechanical electric effect and considering the axial symmetry, the electrodynamics Equation (1) of shallow conical shell can be simplified as 
Temperature Field
As electromagnetic field varying with time induces current in shallow conical shell, which formats Joule heating effect, that is induction current loss. As to shallow conical shell, it can approximately assume that current distribute uniformly in shallow conical shell because of a low frequency of the applied magnetic field and current, then the current loss per unit time per volume can be calculated by the following formula:
Set the initial temperature of shallow conical shell to zero, it is heated by Joule heating effect from t = 0, heat exchange exist among the Inner and outer surface and the bottom of the shell and media whose external temperature is zero. According to Fourier heat transfer law and energy conservation law, the control equation of heat conduction is established, which means that the transient temperature field ( ) , T z t of shallow conical shell should satisfy the followed equation:
where ρ is material mass density, c is specific heat capacity, k is coefficient of thermal conductivity,
2
∇ is Laplace operator.
In the axial symmetry condition, the control equation of heat conduction of shallow conical shell can be simplified to
Based on heat exchange law and the condition that the external temperature of media is zero, the heat balance equation of the current-carrying shell's internal and external surface can be established. Thus, the boundary condition is
where, Λ is thermal coefficient.
Elastic Field
The shallow conical shell in the time dependent electromagnetic field also suffer the temperature stress induced by Joule heat and Lorentz force in addition to the external mechanical loads P, The Lorentz force can be expressed as
where z f is z direction component of Lorentz force f.
When discussing the thermo-magneto-elastic nonlinear problem of a shallow conical shell, the Kichhoff-love straight normal hypothesis is adopted, that the normal section perpendicular to the neutral surface before deformation of the Considering the Von-Karman type large deflection geometric relation of conical shell, the strain-displacement relation at any point in the shell is obtained:
The physical equation of shallow conical shell considering temperature change can be calculated according to follow formula. 
Non-Dimensionalization
To facilitate the calculation, the following dimensionless parameters are intro- 4  4  2  2  2  ,  ,  , 
The non-dimensional forms of Equation (2), (3), (5) and (11) are given as fol- 
In Equation (17), the expressions of z F and T N are respectively as follow: 
Solution
To solve the governing Equation (17), the first step is to solve the electromagnetic field Equation (14) 
Electromagnetic Field
Equation (14) is solved by separation of variables. In order to make non-homogeneous boundary Condition (19) homogeneous, new unknown function
Substituting Formula (24) in to Equation (14), boundary conditions and initial Condition (19) can be written as follows
Assume that the solution of Equation (25) 
Substituting Formula (28) in the Equation (25), both sides of Equation (25) 
With initial Condition (22), the solution of Equation (30) is 
Temperature Field
Based on the separation of variables, assume that the solution of Equation (16) which satisfies the boundary Condition (20) shows the following form
where i a is confirmed by tan i i h a a = . Both sides of Equation (12) 
The solution of Equation (34) is 
Elastic Field
After obtaining Lorentz force z f and temperature field distribution T , z F and , it can be seen that temperature reaches a steady state when the time is long enough, Figure 6 shows the curve of deflection w vary with time in different mechanical load which is expressed by non-dimension mechanical load 
Conclusions
Based on Maxwell's equations, heat conduction equation and nonlinear equations of classical plates and shells, the dynamic response study on shallow conical shell's thermo-magneto-elastic behavior in a time-dependent magnetic field is presented. Some conclusions can be obtained through the calculation and analysis of shallow conical shell instances:
1) In the condition that other parameters are constant, mechanical load has an effect on the displacement amplitude of shallow conical shell, but has no effect on the vibration frequency.
2) In the condition that other physical parameters are invariable, the strength of applied magnetic field has influence to the displacement, but has no effect on the vibration frequency.
3) The stress and strain of plate and shell can be controlled when the parameters of magnetic field and mechanical load change appropriately. It has a certain reference value to the practical application of magneto-elastic coupling theory.
